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1, INTRODUCTION;
General review of r e la t io n s  between formal grammar theo­
ry , n a tu r a l  l i n g u i s t i c s  and p sy ch o l in g u is t ic s .
1.1 O r ig in  and bas ic  problems of formal grammar theory
This chapter i s  in troduc to ry  to the fo l lo w in g  three.
I t s  aim i s  to give an h i s t o r i c a l  o u t l in e  of the mutual in  
s p ir a t io n  tha t  we have seen in  the l a s t  f i f t e e n  or so years 
between formal grammar theory, n a tu r a l  language theory and 
p sy ch o l in g u is t ic s .  In  the fo l lo w in g  three chapters we w i l l  
d iscuss some recent c h a r a c te r is t ic  examples o f t h i s  in te r a £  
t i o n .
.F if teen  to twenty years are long enough to have almost 
fo rgo tten  how formal grammar theory came in to  ex istence.
T he  o r ig in  of t h i s  theory comes from the study of n a tu ra l  
language. A de sc r ip t io n  of n a tu r a l  language i s  t ra d i t io n a l^  
ly  c a l le d  a grammar. I t  s p e c i f ie s  cons truc t ion  of sentences, 
r e la t io n s  between l i n g u i s t i c  u n i t s ,  e t c . .  Formal grammar 
theory s tarted  from the need to give a formal mathematical 
b as is  fo r  such de sc r ip t io n s .  I n i t i a l l y  the c rea t ion  of the 
se new formal systems was la rg e ly  the work o f Noam Chomsky. 
His aim was not so much to re f ine  l i n g u i s t i c  d e sc r ip t io n s ,  
but to construct a formal b as is  fo r  the d iscuss ion  o f the 
foundat ions  of l i n g u i s t i c s .  "What should be the form of a 
l i n g u i s t i c  theory?” , "What sort of prcblems can be expre_s 
sed by way of d i f f e r e n t  formal means, and what do we take 
to be a s o lu t io n ? " :  these were the main issues to be tack­
led . In  short ,  formal grammars were developed as mathemat_i 
ca l models fo r  l i n g u i s t i c  s truc tu re .
The f i r s t  developments only concerned the syntax of na 
t u r a l  languages, not t h e i r  semantics. The most successfu l 
a p p l ic a t io n  of formal grammar theory have been up to now in  
the area of syntax. A l l  our d iscuss ion  w i l l  therefore be 
la rg e ly  l im i te d  to syn tac t ic  issues.
The f i r s t  and most obvious U3e of formal grammar theo_ 
ry in  l i n g u i s t i c s  was to create a v a r ie ty  of more or le ss  
r e s t r i c t i v e  grammars, and to compare t h e i r  generative power 
to the em p ir ica l  requirements of l i n g u i s t i c  data. Let us
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c a l l  t h i s  the problem of "generative power”. In  t h i s  chap­
te r  we w i l l  d i9 cu99 and c r i t i c i z e  gome h i s t o r i c a l  h ig h l i-  
ghtg in  the approach to t h i s  problem. In  the next chapter 
gome important recent r e s u l t s  w i l l  be discussed.
The e x p l i c i t  use of formal grammars in  l i n g u i s t i c g  al^
go created a more general and more p h i lo goph ic a l  problem.
I t  ig  one th in g  to formalize  a l i n g u i g t i c  theory, i t  ig  qui
te another th ing  to formulate the r e la t io n  between guch a
theory on the one hand, and em p ir ic a l  l i n g u i g t i c  data on
the o ther hand. The problem here congigtg in  c l a r i f y i n g
what, exac t ly ,  ig  the em p ir ica l  domain of the l i n g u i g t i c
theory , and what ig  the em p ir ica l  in te r p re ta t io n  of the ele_
mentg and r e la t io n g  th a t  f igu re  in  the theory. We w i l l  c a l l
th ig  problem the in te r p re ta t io n  problem, a f t e r  B a r- H i l le l .
In  t h ig  chapter we w i l l  only make gome general po in tg  re la
t in g  to th ig  iggue. The th i r d  chapter , however, w i l l  be de_
voted to a formal p gycho l in gu ig t ic  ana lyg ig  of the interpret
t a t io n  problem.
The l i n g u i g t i c  o r ig in  of formal grammar theory, f i n a l
l y ,  a lgo led to the ea r ly  development o f theor ieg  of gram­
m a t ica l  in fe rence . There were two reagong fo r  th ig .  F i r g t l ^  
a main theme in  g t ru c tu ra l  l i n g u ig t i c g  had fo r  a long time 
been the development of go-called "digcovery procedureg", 
i . e .  methodg to detect g tructureg in  l i n g u i g t i c  data. Se­
condly, probably under the in f luence  o f the pgycho log ig t 
George M i l l e r ,  Chomgky had re a l iz e d  the fundamental problem 
of language a c q u ig i t io n .  The degc r ip t io n  of a language ig  
one th in g ,  but the causation  of l i n g u i s t i c  s truc tu res  is  
another more fundamental isgue. Only a go lu t ion  of t h ig  lat_ 
te r  problem w i l l  give . l i n g u ig t i c  theory an explanatory d i ­
mension. E f fo r t s  to write  formal systems which are able to 
in f e r  a grammar from a data corpus can be found ag ear ly  
ag 1957. Since then, inference theory hag had a congidera 
ble development. In  the l a s t  chapter we w i l l  be concerned 
w ith gome re la t io n g  between recent inference theory and pg^r 
c h o l in g u ig t ic  modelg o f language a c q u ig i t io n .
1.2 Obgervationa l adequacy of regu la r  and context-free
grammarg.
Let ug now re turn  to the ea r ly  developmentg of formal
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grammar theory. We w i l l  f i r s t  very qu ick ly  review the va­
r ie ty  of grammars th a t  Chomsky developed in  the second h a l f  
of the f i f t i e s .  Then we w i l l  d iscuss some problems r e l a t i n g  
to the l i n g u i s t i c  adequacy of regu la r  and contex-free gram 
mars.
According to Chomsky, a grammar i s  defined as a system
G =<VN, VT, F ,  S > f
where i s  a f i n i t e  nonempty get, the nonterm ina l vocabu­
la r y ,  whose elements are ca l led  category symbols or a u x i l i a  
ry v a r iab le s ;
Viji i s  a f i n i t e  nonempty se t, the te rm ina l vocabulary 
whose elements are u sua l ly  ca lled"words" or "morphemes" .
S i s  an element of (the s ta r t  symbol).
Given a set E of symbols, we denote by E* the set of 
a l l  s t r in g s  o f f i n i t e  leng th  which can be obta ined by con­
ca tena t ion  of symbols in  E; by E+ we s h a l l  denote the set 
E* , where A i s  the n u l l  s t r in g  (o f zero le ng th ) .
Now -P (the set of production  ru le s  of the grammar)
i s  a f i n i t e  set of ru le s  of the form cl--with  cf £ V +
and ƒ? € V* , where V = u V^T.
We sh a l l  say th a t  a s t r in g  d i r e c t ly  produces a
( in  symbols =» & ) i f  = <p ^  
fo r  some *| , 9 , ^ V* , and Aj—► 0 i s  in  P . F in a l ly ,  
we say th a t  V+ derives ( d i r e c t ly  or no t)  a s t r in g  
&£ V* ( in  symbols ==^  £> ) i f  e i th e r  X  - 6 or
n , such tha t
To* # i ’ — * t  n , fo r  some f i n i t e ,
Now the language Lq generated by a grammar G as 
above i s  defined as the set
The v a r ie ty  of grammars tha t  Chomsky defined came about 
by p u t t in g  more and more r e s t r i c t i v e  cond it ions  on the fo r ­
mat of production  ru les .
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The ge a r e :
(0) no r e s t r i c t i o n :  type 0 grammars.
(1) fo r  a l l  r u le s  o(—* of  P , 
the leng th  of should be 
no t le ss  than the leng th  of
<< : con tex t-sens it ive  grammars (type l )
(2) fo r  a l l  ru le s  «( — of P ,
we must have c( € f P /A  s 
context-free grammars (type 2).
(3) fo r  a l l  r u le s  e(—*/? o f P , 
we must have c( e , and 
e i th e r  or j? equal 
to the concatenation of an 
element of Vrp an i one of ,
in  th a t  order: regu lar  grammars 
(type j ) .
A language i s  ca l led  type-i i f  i t  can be generated by 
a type-i grammar.
There i s  a s t r i c t  in c lu s io n  r e la t io n  among the c lasses 
of languages defined above: i f  Cj_ i s  the c lass of langua 
ge s o f type i ,  then C_.^  p a r t i c u la r  there are
not regu la r  ( i . e .  type 3). These are exactly  the languages 
tha t  are ca l le d  " self-embedding". A context-free language 
is  self-embedding i f  a l l  grammars generating i t  are self-em 
bedding. A context-free grammar i s  self-embedding i f  there 
i s  a B € VN such th a t  B Btf , where c( and are
non-emnty s t r in g s .
Chomsky (1956 , 1957) re jec ted  regu la r  languages as ade_ 
quate models fo r  n a tu r a l  languages. The argument usei by 
Chomsky to conclude th a t  n a tu ra l  languages are a t  le a s t  non­
regu la r  had an enormous in f luence  on the development of mo­
dern l i n g u i s t i c s ;  t h i s  j u s t i f i e s  a ra ther  de ta i led  d iscus­
sion of i t .  I t  i s  a lso  the case tha t  the argumentation, as 
given in  Syn tac t ic  S truc tures  (1957), i s  not completely ba 
lanced (the same i s  t ru e ,  to a le sse r  degree, of Chomsky’ s 
treatment of the question  in  1956). A consequence of t h i s  
has been tha t  the same sort o f evidence i s  in co r re c t ly  used 
fo r  the r e je c t io n  of o ther types o f  grammars, and erroneous
